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DATA PROCESSING ALGORITHM OF THE GAS SENSOR
RESPONSE BASED ON THE STRETCHED-EXPONENTIAL
FUNCTION MODEL

Annotation. The evaluation of the suitability of the algorithm based on the model
of stretched exponential function for handling the response kinetics data resistive gas
sensors was carried out. This corresponds to the task of expanding the functional
properties of relevant information and measurement technologies and practical
application. Approbation of the algorithm on gas sensors samples based on zinc oxide
ceramics has shown the efficiency for kinetics modeling of the response, after the
cessation of exposure of the detected gas (methane). The next parameters were
determined: static response value; average relaxation time and their distribution.
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Introduction. The resistive gas sensors based on semiconductors are widely
applied for detecting of different gases [1]. When they are used and are studied, the
dependencies of static gas sensitivity (response) on the concentration of detected gas in
atmosphere and temperature [2], as a rule, are used as the main functional
characteristics. One of the direction, receiving the additional information about
physical and chemical processes, responsible for the gas sensitivity properties of this
sensor class is research of the kinetics of detection process.

It will be noted that until present, the kinetic characteristics were intended, in
the main, for technical purposes, and in particular for experimental evaluation and
demonstration of fast-action of the sensor elements [3-5]. Applying of modern
information-measuring devices significantly increased the efficiency of the
experimental researches of the considered effects on the stage of receiving and storage
of the big data arrays in digital view [6]. However, at the subsequent stages of their
analysis, the developments of relevant algorithms of data processing is required,

which, on the one hand, would provide data on the physical parameters characterizing
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the kinetics of gas-sensitivity properties of the considered objects, and, on the other
hand, created a base for further automation of the measurement process.

Promising theoretical basis for this purposes, is represented by using of the
general phenomenological models, based on a stretched-exponential function
Kohlrausch-Williams-Watts [7-8] to describe the kinetics of the relaxation
dependencies of the response, particularly in the reduction step. Its feature is suitability
to describe the relaxation phenomena in disordered systems in which dynamic
processes occur simultaneously in many time frames [9].

Problem statement. The object of the investigation was to determine a
suitability level of the algorithm, based on a stretched-exponential function for data
processing of kinetic response of the resistive gas sensors.

Main part. The reaction (response) of the sensor was being determined as

S=(0c-0,)/c,, where o and o,- electrical conductivity of the sensor sample in the

presence and absence of detectable gas in the air. At kinetics measurements, the
schema with outputs of the conductivity meter (digital electrometer) and temperature
meter (thermocouple) via a matching digital device have been conjugated with
computer, was implemented [6].

Time marking ¢ produced by means of a computer. The time interval between
detection of two consecutive measurements of magnitude S amounts to 0.5 seconds.
The values of electrical conductivity and time are recorded in a file in computer
memory during the experiment.

An example of a typical kinetic dependence on the response of the resistive gas
sensor to impulse action of the active gas is represented in Fig. 1.

As previously indicated, the stretched exponential function Kohlrausch-
Williams-Watts intended to approximate the relaxation kinetics of systems to their

equilibrium values, i.e. to recovery processes of the sensor initial state after the

cessation of exposure of the detected gas S(t(’“')) in the present case (Fig. 1).
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Fig 1. — Typical experimental kinetic dependence of the gas sensor sample response

(") and /") — time axis in correspondence to detection and recovery processes)

At further description of the model will take ¢ =" Stretched-exponential

function [10] in this case it can be written as follows

S(t):S(O)'fKWW(t):S(O)’eXp[_(t/TKWW)ﬂJ . (1)

In (1) S(0) - stationary (maximum) response value S(¢) at #=0. Parameter
7., 18 the characteristic time associated with the average relaxation time by means of
the following equation [10-11]
1

L = !fKWW (t)dt :TK%F(EJ > (2)

where T'(x) — gamma function.

Magnitude g - index, indicating the degree of tension function i (1) , which

according to its representation in the form of [10,12]

]

S (©)=expl- (/7 V' |= [2(2.8)-exp(-1/7)- 7. 3)

0
where z(z, 8) — the density distribution of the simple exponential relaxation processes
exp(~¢/7), linear superposition which leads to consideration stretched exponential
function.

Algorithm of processing of the experimental dependences S(¢) on the basis of
the specified model includes the following operations.

1. Primary (preliminary) data processing: counts of an electrical conductivity
and time which were brought in memory of the computer in the course of the

experiment are presented in the form of table dependences log(S, ) from log(z, ), where
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k=1,2,...K . The number of counting is the magnitude of several hundred and more

points of table dependence that allows carrying out their preliminary statistical
processing by creation of empirical-formula regression dependence. All range of

values log(t,) was divided into n elementary segments. For each i- th elementary
segment the arithmetic average log(S), was calculated, to which was put the coordinate

of the middle of the specified segment log(¢), in compliance.

2. Finding of magnitude of unknown coefficient f with use of coordinates
tx[dlogS(t)/dt] and log S(z) for expression (1), in which initial dependence is
straightened [12, 13] (Fig. 2a), and the coefficient is a tangent of angle of its
inclination g =A{¢x[d logS(¢)/dt] }/Alog S(¢). To calculate the derivatives the initial table

dependence was pre interpolated with applying of cubic splines.
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Fig — 2. Dependence of the relaxation of a resistive gas sensor response after
the termination of exposing of the detected gas in the coordinates used for

determination of parameters S (a) and 7,,, (b). Experiment — circles, the

approximation by the stretched power function — solid line.

3. Determination of unknown parameters z,,, and S(0) by submission of the

experimental data in coordinates In S(t) and (l‘ )ﬂ. Magnitude g — is already known.

The approximating dependence is also representable by a straight line [12, 13]
(Fig. 2b) and, thus, 7, =[-AlnS()/Al” | and $(0)=exp {ln S(t)+(t/t i Y }

4. Calculation of average relaxation time in accordance to (2)
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Results of approbation of the considered algorithm are given on Fig. 3, where
the considered dependence in natural coordinates is presented S(z) and ¢. As seen, the
experimental data are well submitted by direct lines in the accepted coordinates. The
relative accuracy of approximation (variation factor) of the experimental dependences

expression (1) S (t) is the magnitude less than 3 %.

Fig — 3. Relaxation response curve of the gas sensor sample at recovering its
initial state. Experiment — circles, the approximation by the stretched power function —

solid line

The received values of parameters: static (maximal) value of a response

5(0)=2.5; average relaxation time #,,=150s and the index characterizing width of

distribution of the elementary exponential relaxational processes S = 0,47 are

correspond to the known concepts of transition phenomena of the considered type [3-
5].
Conclusions

1. Applicability of the stretched exponential function for modeling of the
kinetics of the resistive gas sensors response at a recovering stage of their initial state
was proved.

2. The efficiency of the given response kinetics data processing algorithm for
calculation of its parameters was shown, which can be used for construction of
measuring - informational technologies in the experimental researches and applying of
the considered sensors.
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O.C. Tonuxowkyp, €JI. 1106310 Anzopumm 00podKu 0anux KiHemuku 6i0ZyKy
PE3UCMUBHO20 2A306020 CEHCOPY HA OCHOGI MOOeNi PO3MAZHYMOI eKCnOHEHUIANbHOT
dynkuii

Anomayisn. IlpogedeHo OyiHKY NpuUOAMHOCMI a120pUmMMy HA OCHO8I MOOei
PO3MACHYMOI eKCNOHEeHYIANbHOI (OYHKYIT 011 00pOoOKU OaHUX KIHeMUKU 8IO2YKY pe3u-
CMUBHUX 2A308UX CEHCOPI8 3 Memol pPO3WUPEHHS QYHKYIOHANbHUX 61ACTMUBOCTEl
8IONOGIOHUX THHOPMAYINIHO-BUMIPIOBATILHUX MEXHONO02IL MaA NPAKMUYHO20 3ACMOCY-
8anHs. Anpobdayis ancopummy Ha 3pa3Kax ea308uUx CeHCOPi8 HA OCHOBI KepAMIYHO20 OK-
CUOy YUHKY NOKA3ANA 1020 ephexmusHicmy 011 MOOen08aAHHA KIHeMUKU cnaody GiO2YKy
nicis enau8y akmueHoz20 2asy (memawy). Busnaveni napamempu. cmamuyne 3HAYeHHS
8I02YKY, cepeoHill wac peirakcayii ma 1o2o po3nooii.

Knrouoei cnoea: ancopumm, pozmsacHyma eKCnoHeHyianbHa QYHKYis, pe3ucmusHuil 2a-

308Ull CEHCOp, KIHeMuUKa, 8i02YK

ISSN 1562-9945



